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Myocardial infarction caused by cardiac disease in
disseminated zygomycosis
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SUMMARY A case of disseminated zygomycosis is described, in which myocardial infarction rather
than coincident coronary or heart disease was seen at necropsy. As zygomycosis is an opportunistic
fungal infection, which tends to invade blood vessels, thereby causing thrombosis and infarction, it
is surprising that cardiac disease is unusual and that premortem evidence of such disease has only
rarely been reported.

Zygomycosis is an opportunistic fungal infection that
has various clinical forms, including a disseminated
type that affects multiple organs and which is particu-
larly associated with leukaemia and cytotoxic chemo-
therapy.' 2 It has a clear affinity for blood vessels,
often causing thrombosis and infarction.3 4 It is sur-
prising, therefore, that cardiac disease seems to be an
unusual component of disseminated zygomycosis5
and that subsequent myocardial infarction is a rare
complication.6
We describe a case of disseminated zygomycosis

arising postoperatively in a man with severe gener-
alised arteriosclerosis. Electrocardiographic evidence
of acute myocardial infarction was confirmed by the
necropsy findings.

Case report

CLINICAL FINDINGS
A 67 year old man who had had an aortoiliac bypass
graft in 1979 was readmitted to a vascular surgery
unit in November 1985. An aortic endarterectomy
was performed in an attempt to relieve recurrent and
increasingly severe symptoms of peripheral vascular
disease.

After the operation he developed broncho-
pneumonia in the left lower lobe and was subjected to
aggressive treatment with antibiotics and physio-
therapy. Signs of an acute abdomen were noted nine
days after the endarterectomy, and at laparotomy he
was found to have a perforation of his small intestine
at the duodenojejunal junction. There was extensive
peritonitis with a right subphrenic abscess, and repair
of the perforation and peritoneal toilet were carried
out. He became hypotensive soon after the operation
and required fluid replacement and inotropic agents
to maintain cardiac output. His renal function deteri-
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orated temporarily and he needed ventilatory support
for a short time. His general condition then improved,
though copious flow of pus from the abdominal
drains continued for seve;al days. At this stage, his
electrocardiogram (ECG) was unremarkable apart
from a PR interval which was at the upper limit of
normal (fig la). Seven days after the laparotomy his
condition deteriorated, and he was found to have a
cardiac arrhythmia. This settled, but four days after
that he became hypotensive, and a further ECG
showed atrial fibrillation with an uncontrolled ven-
tricular rate; the R waves were lost, and an elevation
of ST segment was present in leads V2 to V4 (fig lb).
In the absence of Q waves these findings indicate an
anterior myocardial infarct of no more than three
days' duration, with only partial thickness
involvement. He deteriorated rapidly and died the fol-
lowing day.

Fig I Electrocardiograms taken (a) seven days and (b) one
day before death. Both arefrom lead V3.
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NECROPSY FINDINGS
There was a recently sutured transverse abdominal
incision which measured 30cm in length, together
with three drains in the lower abdomen. Each drain
site exuded yellow-green fluid. There was a good deal
of similar fluid found in the peritoneal cavity, and the
viscera were covered with a copious fibrinopurulent
exudate. There was an abscess cavity in the lesser sac,
adjacent to a perforated ulcer on the greater curve of
the stomach. Histological examination showed that
the debris from the abscess cavity contained many
fungal hyphae.
The heart weighed 550 g; .there was biventricular

dilation and a moderate degree of left ventricular
hypertrophy. The anteroseptal part of the wall of the
left ventricle contained a mottled yellow-brown area,
which measured about 3-5 cm in its long axis. The
wall of the remainder of the left ventricle and of the
other chambers contained scattered yellow foci of
necrosis ranging from 0-2 to 0O5 cm in diameter. The
epicardial parts of the coronary arteries showed mod-
erate calcific atheroma, but no evidence of occlusion.
Histologically, these discoloured areas showed the
typical features of well established infarction, with
separation of the anuclear fibres by a polymorph
exudate (fig 2). In such areas fungal hyphae were seen
within thrombus in the intramyocardial branches of
the coronary arteries and in the cardiac veins; they
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invaded through the walls of the vessels and into the
adjacent myocardium (fig 3). In other areas the

Fig 2 Left ventricular myocardium showing well established
infarction, with necrosis and autolysis ofmusclefibres and
prominent infiltrate ofneutrophil polymorphs.
(Haematoxylin and eosin stain.) Original magnification
x 100.
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Fig 3 Intramyocardial artery and adjacent myocardium, both infiltrated by abundant fungal hyphae. There is thrombosis
of vessel and infarction ofmyocardium. (Grocott's stain.) Original magnification x 18
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myocardium showed more recent infarction, without
evidence of fungal invasion.
The lungs were oedematous, with foci of fungal

bronchopneumonia which were more pronounced in
the right lower lobe. Fungal hyphae were also seen in
multiple renal and brain abscesses.
The thoracic and upper abdominal segments of the

aorta showed severe atheroma with calcification, and
a synthetic graft replaced the bifurcation and the
lower part of the aorta. The abdominal branches of
the aorta were all patent, and the graft anastomotic
sites were intact.
The appearance of the fungus was similar at all the

sites in which it was found. The hyphae were of vari-
able diameter, but in general, were rather broad.
There were some folds and kinks, and branches
occurred irregularly but typically at right angles.
Septa were seen, but these were scanty in most areas
and showed no particular relation to the points of
branching (fig 4). Two rounded structures, resembling
sporangia, were seen protruding from the endo-
cardium in a single section of the wall of the left
atrium. Each was borne on the end of a thick hypha
and had a well defined limiting membrane; there were
no sterigmata on the surface, and no columella could
be identified (fig 5). A few similar structures were
found in a single tiny colony of fungus in the lung.
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Discussion

Zygomycosis is often diagnosed on histology only;
';
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Fig4 Fungal hyphae within lumen ofintramyocardial vein.
Hyphae are generally broad but of varying diameter.
Branching is at right angles, and both septa andpseudosepta
are seen. (Grocott's stain.) Original magnification x 120.

Fig 5 Left atrial endocardium with probable sporangium protruding into lumen. (Periodic acid Schiffstain.) Original
magnification x375.

i ....

:4:



Myocardial infarction in disseminated zygomycosis

cultures may not be taken because the presence of an
infection is not anticipated, and even if they are taken
the fungus may fail to grow.' In tissue sections
zygomycosis needs to be distinguished, in particular,
from aspergillosis. This task may be difficult for the
morphology is more variable in tissue than it is in
culture, and both aspergillosis and zygomycosis may,

on occasion, produce appearances which may simu-
late the other.4 8 First appearances may therefore be
misleading, and histological diagnosis in most cases

requires careful examination of those features that
permit a distinction to be made.

In zygomycosis the hyphae branch irregularly and
typically at right angles, whereas hyphal branching in
aspergillosis is regular, mainly dichotomous, and usu-

ally at about 45°. Hyphal diameter in zygomycosis is
variable and often relatively broad, in contrast to the
narrower and more regular hyphae of aspergilli; those
in zygomycosis are usually kinked to a variable
degree, and the opposite walls of any one hypha are

often not parallel with each other. Septa are common
in aspergillosis and often occur at typical sites adja-
cent to the branches. In contrast, septa may be scanty
in zygomycosis, and, indeed, some authors claim that
a total lack of septation is typical. It is certainly true
that aseptate hyphae are consistent with zygomycosis,
but the corollary of this statement is not true for it is
also known that some, if not all, species produce septa
in culture, especially late ones,9 and in tissue.410
Pseudosepta, produced by minor kinks in the zygo-

mycete hyphae, are often difficult to distinguish from
true septa and lead to a false increase in the estimated
prevalence of septa. The fungi in both conditions may
be atypical when they are growing in a confined space,
and it is important to assess those areas in histological
sections where growth is relatively unimpeded, such
as within thrombus or within a well established
infarct. In our case we were able to assess those fea-
tures of the fungus, both within thrombus, and myo-
cardium, which showed well established infarction.
The findings correspond well to the classical appear-
ances of zygomycosis, apart from the presence of
septa; there were, however, no areas where true septa
were present with the incidence typical of asper-
gillosis.
The rounded structures within the left atrial lumen

and within the lung closely resemble the sporangia of
Zygomycetes," though they cannot be definitely dis-
tinguished from the chlamydoconidia that are occa-

sionally produced.'2 They clearly lack the ranks of
sterigmata that are so characteristic of aspergilli.
Few positive cultures have been reported in pre-

viously published cases of cardiac zygomycosis, and
several of those have been described as "Mucor,"
without any specific species identification.'3 -16 In

two cases, however, the organism was identified as
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Cunninghamella bertholletiae.f7 18 Further, one of the
early cases of cardiac zygomycosis was also due to
Cunninghamella sp, though the actual species was not
identified.'3 This genus is a rare cause of human
infection, and only eight reported cases have been due
to Cunninghamella bertholletiae. 18 Although this
association with the heart may be mere coincidence, it
might also represent a specific organ preference.
Other similar species are known to prefer certain
organs: Absidia corymbifera is associated with lung
infection. 9

Cardiac zygomycosis is usually seen as a com-
ponent of disseminated zygomycosis.5 The heart is
rarely the only organ affected in zygomycosis.20 21
Virmani et al reviewed 115 cases of systemic zygo-
mycosis from the files of the Armed Forces Institute
of Pathology (AFIP) in Washington DC, and found
only five with cardiac disease.5 All had widespread
disease of other organs, particularly of the lungs.
They also reviewed the published reports, apparently
in a selective manner, and found four examples of
disseminated zygomycosis with cardiac disease in an
older report from the AFIP,3 together with six cases
in reports from other centres.2' 23 Their selectivity
enhances the apparent rarity of cardiac zygomycosis,
for at least 15 other cases were available in the litera-
ture at that time. 13 - 15 24 - 29 Several more have been
added more recently.6 16 -18 30

Heart disease in zygomycosis may be endocardial,
myocardial, or both. In addition, lesions in the lung
may give rise to pericardial disease as a result of direct
spread. Endocardial zygomycosis often overlies an
area of myocardial infection and infarction and may
thus be a consequence of invasion of a mural throm-
bus by hyphae from the wall of the heart.22 Alterna-
tively, endocardial zygomycosis may precede and lead
to myocardial zygomycosis. When the intramural
component comes first, it is a consequence of
embolism of hyphae to the coronary arteries. When
such embolism causes infection and growth within an
epicardial artery, there may be extensive myocardial
infarction without invasion of the infarcted area by
the fungus.'5 This, however, seems to be the excep-
tion rather than the rule, for it is more usual to see
thrombosis induced by fungus within small intra-
mural arteries and for prominent growth of hyphae to
occur within the infarcted myocardium.21 22 In our
case there were extensive areas where the presence of
a well defined polymorph reaction suggested an
infarct of some days' duration. The polymorphs were
disposed in between the dead fibres in a pattern typi-
cal of myocardial infarction rather than that of an
abscess, though the coincidence of such areas with
hyphal invasion makes interpretation difficult. Other
areas showed typical very recent infarction, with
increased myocardial fibre eosinophilia and loss of
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nuclei and cross striations, but without a polymorph
infiltrate or fungal invasion. This seems to be consis-
tent with progressive infarction caused by thrombosis
induced by fungus, followed by invasion of the
infarcted stroma in each area by the fungus.

All of the reported cases of coronary and myo-
cardial zygomycosis that we found were diagnosed as
such only at necropsy. Most, like ours, were clinically
unsuspected. Many of the previous reports provide a
considerable amount of clinical detail, and so it is
interesting to realise that no symptoms or signs of
cardiac or major vessel disease could be found on
review of the clinical notes in most of these
cases. 3 5 13 16 17 21 - 24 27 In others cardiological
findings were non-specific,' or dominated by endo-
cardial events.22 ECG findings have rarely been
reported, presumably because they have been negli-
gible or unhelpful. In two cases where they were
detailed the ECG findings were entirely non-specific,5
and in another two they were limited to changing
heart blocks and arrhythmias.3 6 In only one previous
report was there clear ECG evidence of myocardial
infarction: Kolbeck et al describe a new right bundle
branch block, associated with Q waves in several
leads. 1 8
Zygomycosis is an opportunistic infection, which is

clearly being recognised more often than pre-
viously.23 One of the earlier reports of zygomycosis in
the British literature came from a health district adja-
cent to ours,3' though the first case identified in this
department was seen in 1984.32 Others have been seen
since then, and zygomycosis now seems to be a well
established opportunistic infection. Myocardial dis-
ease is an unusual complication of the disseminated
form of zygomycosis but should be included within
the differential diagnosis when evidence of myo-
cardial ischaemia or infarction occurs in a patient at
risk of such opportunistic infection.

We are grateful to Dr HG Love for reviewing the
electrocardiograms and to Dr RW Stoddart for his
invaluable comments. We thank the university
department of medical illustration and Mrs Jane
Crosby for help with the photographs.
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